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(57) Abstract: Device for measuring physical properties of the tympanic membrane (TM), comprising an elongated probe (12) with 

fibres includes either a first set of fibres (21) for conveying light fi*om a light source to said distal end of said probe and a second 
set of fibres (22) for conveying light reflected fi-om the tympanic membrane in fi-ont of said distal end to a first detector means 
(23) or a set of fibres both for conveying light from a light source to said distal end of said probe and for conveying light reflected 
from the tympanic membrane in front of said distal end to a first detector means (23). Said first detector means (23) is designed for 
measuring the intensity of light reflected from the tympanic membrane. Method for measuring physical properties of the tympanic 
membrane (TM), including the following steps: a) illuminating the tympanic membrane with light from a light source, b) detecting 
light reflected from the tympanic membrane, and c) analysing the intensity at selected wavelengths or a spectrum of wavelengths. 
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apply an erythema detection algorithm on the acquired data. A novel algo- 
rithm utilizes the fact that the photon absorption in the Q-band of various 
blood chromophores is different in erythymatous and in normal tissue. 
A quantity, derived from the spectra, to be used for separating the 
5 states "erythematous tissue" and "normal tissue" that is independent of the 
geometrical distance between the probe head and site of measurement was 
desirable. For this reason the quotient 



was used. 

Rfiso and R;^ are the reflectivity at 650 nm and X nm, respectively. Nomnaliza- 
10 tion was performed by dividing every sample in each spectrum with its reflec- 
tivity at 650 nm. A variety of X:s were tested. X:s were selected in the absorp- 
tion peal^ of bilirubin and the Q-band of oxyhemoglobin (HbOz) (460 nm, 542 
nm and 576 nm). In addition, X-values were chosen based on measurements 
of Qx in normal and erythematous TM,.in order to maximize discrimination. It 
15 was observed that discriminated well at X:s near 490 nm and 576 nm. 

In accordance with the invention based on a two-wavelength or four- 
wavelength system the first detector means can include discrete detectors 
for each specific frequency. Each detector can be combined with a narrow 
filter, to achieve the desired frequency characteristics. Appropriate centre 
20 wavelengths are 460 nm, 490 nm, 542 nm, 576 nm and 650 nm. The detec- 
tors are connected to the signal processor 24 in the control apparatus 17. In 
such an embodiment the signal processor 24 can have a less complicated 
design. 



25 eluded. The second light source emits light that is directed towards the target 
tissue as a visual reference when the probe is positioned in the external 




■eso 



(1) 



In the embodiment shown in Fig. 2 a second light source 25 is also in- 
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Signals from the first detector means 23 and the second detector 
means 28 are fed to the signal processor 24 fbmning part of an imaging sys- 
tem. The resolution of the generated images is highly dependent of the 
probe-surface distance and the numerical aperture (NA) of the fibers used. In 
5 one embodiment commercially available plastic fibers (NA = 0.5) are used. 
The fibers can be arranged in two linear arrays in the probe head (one detec- 
tor anray and one illumination anray), c.f. Fig. 3 - Fig. 6. 

An appropriate mathematical model stipulates diffusely reflected pho- 
ton detection. For this reason Polaroid filters can be appended in front of 
1 0 both the detector fiber array and the illumination fiber an-ay, perpendiculariy, 
to avoid detection of specularly reflected photons (c.f. Fig. 7). An example of 
filters is shown with reference to Fig. 6. The illumination and detector fibers 
are arranged in parallel and equidistantiy distributed linearly in the lateral 
direction. 

1 5 The number of optical fibres in the third set 29 and the fourth set 30 of 

optical fibres can be different from what is shown in the drawings and do not 
have to be equal. 

Experimental data from convex and concave polyacetal plastic sur- 
faces are recorded in a first step. A mathematical model of the sensor can 

20 also be used for simulating images of the surfaces analysed. The detected 
image is compared in a second step with the re^corded data and a shape as- 
sociated to the recorded data that con'esponds best to the detected image is 
selected. An estimate of the shape characteristics of a surface is extractable 
from the images generated by the system. In particular, the system distin- 

25 guishes perfectiy accurate between convex and concave surfaces; which, 
e.g. is important when characterizing the TM. 

The control apparatus 17 also comprises a control unit 31 operatively 
connected to other units of the control apparatus, such as the signal proces- 
sor 24 and a memory unit 46. Experimental data or data created from the 

30 mathematical model is also stored in the memory unit. The light sources are 
driven by a driver unit 32, which is operated by the control unit. Data, such as 
operating commands, can be fed in by an input device 33, such as a key- 
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mination and detection, respectively. Preferably the spacing between the two 
fibre arrays is small, that is about 500 pm. 

A first alternative embodiment of the tip end is shown in Fig. 4. Also in 
this embodiment the fibres are gathered in two semicircular sections. A first 
5 section 36 holds the first set 21 of optical fibres that is used for illumination. 
" The ocular channel 35 also is arranged in the first section 36. 

In a second semicircular section 37 of the tip 1 5 the second set 22 of 
optical fibres is provided. The number of individual fibres is chosen so as to 
supply each of the detectors in the first detector means 23 with a sufficient 
1 0 amount of reflected light. Nomnally, at least five individual fibres are used for 
each detector and each detector frequency. 

In contrast to the embodiment of Fig. 3 three composite arrays fonned 
by the third set 29 of optical fibres and the fourth set 30 of optical fibres are 
used. The arrays are disposed in close relationship and hold in a central po- 
1 5 sition the separate optical fibre 26 that conveys light for a visual reference 
when the probe is positioned in the external auditory canal. 

In a second alternative embodiment as shown in Fig. 5 four composite 
arrays formed by the third set 29 of optical fibres and the fourth set 30 of op- 
tical fibres are used. The arrays are disposed as four sides of a rectangle. In 
20 the centre of each of the an^ays a separate optical fibre 26 is provided. The 
plurality of optical fibres 26 is optional, one fibre 26 is sufficient in this em- 
bodiment. When anranging several optical fibres 26, for instance as shown in 
Fig. 5, each of the fibres 26 can be positioned to emit light at a different an- 
gle to the perpendicular of the probe end surface. By such an arrangement it 
25 is possible to determine the distance between the probe end and the meas- 
uring object, in this case the TM. The ocular channel 35 in this embodiment 
is arranged in the centre of the probe end. 

Light from the third set of optical fibres 29 will illuminate the surface 
along a line, each of the light emitting diodes 27 being turned on at a time. 
30 The sequence In which the light emitting diodes 27 are illuminated can be 
circular queue, such as a Round Robin scheduling algorithm, starting with 
activating a first fibre In the third set of optical fibres, continuing with the sec- 
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Two separate optical fibres, or set of fibres, 26' arranged opposite 
eacli other are provided for facilitating the positioning of the probe head in 
the ear of a patient. In this embodiment the second light source 25 produces 
a collimated light that will be directed from the optical fibres 26* in two inter- 
5 secting beams (c.f. Fig. 7). After intersecting the light beams will hit the tym- 
panic membrane in two separate and distinctive positions. By adjusting the 
distance between the probe and the tympanic membrane until target areas of 
the light beams are located at opposite side edges of the tympanic mem- 
brane it is possible position the probe at an appropriate distance from the 

10 tympanic menribrane. 

On the right hand side of the probe head a plurality of channels are 
fonned in two concentric lines. The channels in an inner line hold the third 
set of optical fibres 29 that are used for illuminating the tympanic membrane 
in the curvature recognition process. The channels in an outer line hold the 

1 5 fourth set of optical fibres 30 that are used for detecting the curvature of the 
tympanic membrane. The third set of optical fibres 29 is arranged and posi- 
tioned to direct emitted light to a straight line on a flat surface. By illuminating 
each of the fibres in the third set of optical fibres 29 in sequence, for instance 
as described above, an image indicative of the curvature of the tympanic 

20 membrane can be obtained from the fourth set of optical fibres 30. 

A first annular section, carrying tiie illuminating third set of optical fi- 
bres 29, is covered by a first polarisation filter 39 and a second annular sec- 
tion, carrying the fourth set of optical detection fibres 30 is covered by a sec- 
ond polarisation filter 40. The direction of polarisation of the first filter was 

25 rotated 90° relative to the second, to assure maximum attenuation of specu- 
larly reflected photons. 

Fig. 7 shows a schematic view of a second embodiment of the instru- 
ment 41 in accordance with the invention. The instrument 41 is compact and 
comprises an integral probe 12. A vertical grip section 42 is also integral with 

30 the probe and a lens 43 replaces the eyepiece in the previous embodiment. 
The probe 12 is inserted in the external auditory canal 14 the ocular channel 
35 provides a possibility for an operator of the instrument to observe through 
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tensed by the radius of the curvature. In the convex case, the probe can be 
considered to be localised outside the sphere, and In the concave case In- 
side the sphere. As an example of a surfece curvature classification algo- 
rithm, the difference between the mean of the diagonal elements and the 
5 mean of the fifth off-diagonal elements of the image generated by the two- 
parallel-fibre-sensor can be used. In the convex case, the difference is posi- 
tive; contrary from the concave case, where it is negative. For a plane sur- 
face the difference is zero or close to zero. The radius of curvature can be 
extracted by empirical or theoretical matching of the image generated by the 
1 0 sensor with Images from the same class of surfaces (i.e. images of convex 
or concave surfaces with different curvature radii In the range of interest). 
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sensitivity at 650 nm and a second detector having a peak sensitivity at 576 
nm. 

5. Device in accordance witli claim 4, wherein said first detector means (23) 
5 comprises at five separate detectors, a first detector having a peak sensitivity 

around 650 nm, a second detector having a peak sensitivity around 460 nm, 
a third detector having a peak sensitivity around 490 nm, a fourth detector 
having a peak sensitivity around 542 nm, and a fifth detector having a peak 
sensitivity around 576 nm. 

10 

6. Device in accordance with claim 1 , wherein the plurality of fibres includes 
a first set of illumination fibres (29), each of said illumination fibres being 
connected in a first end to one of a plurality of individually controllable light 
sources (27), and a second set of detecting fibres (30), said second set of 

15 detecting fibres being connected in a first end to individual detectors (28), 

said first set of illumination fibres (29) and said second set of detecting fibres 
(30), wherein said individually controllable light sources (27) are connected 
to a control unit (31) arranged to switch on said individually controllable light 
sources (27) in a sequence and wherein said individual detectors (28) are 

20 connected to said signal processor (24) for conveying signals responsive to 
the intensity of incident light reflected from the tympanic membrane. 

7. Device in accordance with claim 6 where first set of illumination fibres (29) 
and said second set of detecting fibres (30) are equidistantly distributed in 

25 two parallel or concentric arrays in the distal end (1 5), or where first set of 
illumination fibres (29) and said second set of detecting fibres (30) are inter- 
leaved at the distal end (15). 

8. Device in accordance with claim 6, wherein said first set of illumination 
30 fibres (29) is arranged to direct emitted light in the form of a line on to a tar- 
get surface. 
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14. Device in accordance with claim 1, wherein said probe (12) extends from 
a vertical grip section (11) and an eyepiece (13) is optically connected to an 
ocular channel extending through said probe (12). 

5 15. Method for measuring physical properties of the tympanic membrane 
. (TM), including the following steps: ~ ' ~ ~ . 



16. Method in accordance with claim 14, also including the following steps: 

10 

a) illuminating in sequence individual spots distributed over the tym- 
panic membrane, 

b) detecting the intensity of light reflected from the spots of the tym- 
15 panic membrane and 



c) determining the shape of the tympanic membrane by comparing 
said detected Intensities with stored intensities obtained from type 
bodies having different shapes. 



20 
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